This article treats of the practical value which the investigations in regard to the nature of nystagmus have for the otologist, the ophthalmologist and the neurologist. The subj ect is a hard one to understand, partly because of the difficulty of comprehending the physiologic and pathologic functions of the vestibular apparatus, and partly because this subject has not yet been treated in the textbooks devoted to otology, ophthalmology and neurology.
First, some anatomic data. The vestibular apparatus consists of three semicircular canals with their ampullae, the utriculus and the sacculus.
Nothing definite has yet been ascertained concerning the physiologic functions or the symptoms produced in diseases of the utriculus and the sacculus. The semicircular canals have long been considered the organs for the maintenance of the equilibrium of the body, but nothing positively definite has yet been ascertained to substantiate this theory. All statements in regard to this are based on hypothesis only.
The statements now to be made are facts based on observations made upon hundreds of healthy and diseased persons.
If ·a person sitting with -head upright, on a revolving chair, is turned to the right, there will be noticed a horizontal nystagmus to the right. As soon as the turning is stopped there will be noticed a horizontal rhythmical nystagmus to the left side. This nystagmus is produced by irritation of the hori-. zontal semicircular canals.
The experiment which directly proves this relation between irritation of the horizontal canal and horizontal nystagmus was performed by Professor Ewald in 1892 in Strassburg. He dissected out the right bony horizontal canal of the pigeon. In the anterior part of the canal he made a little hole and over this fixed a capillary glass tube, within which was a very small glass rod. To the glass tube he attached a rubber tube with bulb. When he compressed the bulb the small glass rod compressed the fluid in the membranous horizontal canal, producing a certain movement of the endolymph. At the same moment there appeared a horizontal nystagmus in the eyes of the pigeon. (An analogous experiment can be made in men in cases where there is a fistula in the bony wall of the labyrinth.) By compression and rarefaction of the air in the external meatus, nystagmus can be produced. By the aid of this procedure, much assistance can be obtained in cases of suspected iistula of the labyrinth.
The rotation of the body on its vertical axis produces movements of the endolymph in the membranous semicircular canals.
The form and direction of the nystagmus produced by rotation depends upon the position of the head during rotation. The distant laws which govern this are more fully described in my monograph on nystagmus.* If the semicircular' canals on both sides are destroyed by disease of the labyrinth, rotation produces no nystagmus. If only one labyrinth is destroyed, nystagmus will be produced by rotation but directed more strongly to the sound than to the diseased side.
In order to make a positive diagnosis of unilateral destruction of the semicircular canals, another method is required, and this I have found. This is known as the method of diagnosis by syringing with hot and cold water. It has long been known that syringing the ear with cold water produces vertigo and nystagmus.
I have made examination of several hundred people and found that in every man with a normal vestibular apparatus, syringing the ear with cold water produces a distinct form of nystagmus, which lasts from half a minute to three minutes. If the right ear, the head being in the upright position, is syringed with cold water, there is produced a rotary and horizontal nystagmus directed toward the left side and is best *An English translation of the new edition of Dr. Barany's monograph "Untersuchungen fiber den vom Vestibularapparat des Ohres reflektorish ausgelosten rhythmischen Nystagmus und seine Begleiterscheinungen" is in preparation and will be published early in 1908. The reader interested in the subject will find the complete monograph well worth study.
observed when the patient looks to the left side. If the water is of the temperature of the body, no nystagmus is produced. This reaction depends entirely on the relation between the temperature of the water and the temperature of the body. The pressure used in syringing has no influence in this connection. If the drum is intact the water must be colder than if there is a perforation, in which latter case the water comes into direct contact with the labyrinth wall, as in middle ear suppuration with large perforation or nearly total absence of the drum. In such cases you often get reaction with water of 35 0 C. If water of a temperature higher than that of the body is used in syringing, a nystagmus is produced which is directed toward the syringed ear, i. e., just the, reverse of that produced by cold water. This reversal of the nystagmus is explained as follows: Imagine a closed cup filled with water of 37 0 C. to represent the labyrinth. Syringe one side of this cup with cold water. By this means the water which is near to this wall will' be cooled and thereby get a greater specific weight than the other and tends to move in direction toward the bottom of the cup, while on the opposite side the warm water rises. In the same way and for the same reason there is produced a movement of the endolymph in the semicircular canal, and this is the cause of the nystagmus. It is selfevident that syringing with hot water will produce exactly the opposite effect and hence, will reverse the nystagmus.
It is also self-evident that if the cup be turned 180 0 themovement of the endolymph is reversed. For the same reason the nystagmus is reversed when the head is directed to the floor.
If the semicircular canals are destroyed, syringing with cold water has no effect. In every middle ear suppuration, it is of great importance to know whether the labyrinth is involved in the suppurative process or not. This syringing with cold or hot water gives a precise answer in many cases where before the diagnosis would have been impossible.
The diseases of the semicircular canals can be divided into three groups.
. 1. Circumscribed labyrinthitis. Here the canals are not destroyed but their nerve endings are irritated by hyperemia or toxic edema. This irritation causes spontaneous nystagmus. Syringed with cold water these cases all show a typical reaction. Many diseases produce this form of nystagmus. The most important are circumscribed labyrinth suppuration, labyrinth fistula.
II. To the second group belong all the cases where the labyrinth is suddenly paralyzed. This is especially the case in acute diffuse labyrinth suppuration. In this second group syringing the diseased ear produces no nystagmus, but the sudden paralysis of one labyrinth acts in the same way as an irritation of the sound labyrinth and in such cases strong spontaneous nystagmus is manifest (directed to the sound side.)
. III. The third group consists of those cases in which the destruction of the inner ear has been produced very slowly and in such a way that neither vertigo nor nystagmus has occurred, and also of cases where the destruction of the labyrinth has been of long duration. In these cases there is no spontaneous nystagmus. Syringing with cold water also gives no reaction.
In the first group spontaneous nystagmus is caused by irritation of the nerve endings of the diseased labyrinth. In these cases the nystagmus is directed to the diseased side.
In the second group, as the sudden paralysis of the diseased 'labyrinth acts like an irritation of the sound labyrinth the nystagmus is directed to the sound side.
Summing up in tabular form: GROUP I.
Spontaneous nystagmus to diseased side. F i stu I a 8 y m p tom s by Reaction with cold compression and water positive. rarefaction of air in the external meatus.
GROUP II.
Circumscribed labyrinth suppuration; labyrinth fistula.
Spontaneous nystagmus to the sound side.
Difruse acute laby-Reaction with cold rinth suppurawater negative.
tion.
GROUP III.
No spontaneous nysl tagmus.
I
Reaction with cold water negative.
Old difruse labyrinth suppuration.
In the first group the nystagmus is not continuous but occurs only from time to time and is specially produced by distinct movements of the head. Bending the head to the diseased side, backward or downward or rotating the head rapidly in the direction of the diseased side produces nystagmus and vertigo. In the interval there is little or no nystagmus.
In the second group the nystagmus directed to the sound side is continuous for two days. It is also present in the horizontal position and becomes stronger on movement. It diminishes spontaneously day by day, becomes intermittent, and after a week or fortnight almost or quite disappears. It then belongs to the third group.
Examination of the older annual reports of any ear clinic will show that a number of patients died of meningitis after the simple radical mastoid operation, patients who before the operation were strong and healthy except perhaps for occasional attacks of vertigo. The post-mortem of such patients always showed the presence of a previously undiagnosed labyrinth suppuration, which, after the radical operation, produced the fatal meningitis:
Labryinth suppuration is surely the most frequent cause of post-operative meningitis. Deafness alone is not sufficient ground for the diagnosis of labyrinth suppuration. In many cases of deafness the semicircular canals react normally to cold water and neither vertigo nor spontaneous nystagmus has occurred. The diagnosis of labyrinth suppuration is in many cases, especially in the third group, when no spontaneous nystagmus is present, impossible without investigating the reaction with cold water.
The diagnosis of labyrinth suppuration being made, every case of such suppuration should be operated on radically and the labyrinth itself opened at the same time.
Since we have been opening the labyrinth in every case of labyrinth suppuration we have not had any post-operative meningitis. The operation is indeed difficult but we have lost no patients as a result of the operation, although during this year we have operated on more than thirty patients. All the patients have been operated upon after the method of Neuman.
Not only for the diagnosis and treatment of labyrinth suppuration is the consideration of nystagmus very important but also for the diagnosis of cerebellar abscess and cerebellar tumor, or tumor of the nervus acusticus.
The nystagmus in these cases is produced by irritation or paralysis of the nervus vestibularis or of the nucleus in the medulla oblongata or of Deiters' nucleus.
The diagnosis of cerebellar abscess in middle ear suppuration is very 'difficult, and I have seen some cases where the nystagmus alone has helped us to the diagnosis with resulting operation and cure of the patient. Most cerebellar abscesses are caused by an old labyrinth suppuration, and in these cases the diagnosis is relatively easy. If one has to deal with a chronic "middle ear suppuration without fever, with deafness, and no reaction to cold water, and this patient has strong spontaneous rotatory nystagmus to the diseased side, the diagnosis of cerebellar abscess can be made at once and for the following reasons: If the patient does not react to the syringing with cold water, the labyrinth must be destroyed and he can have spontaneous nystagmus to the sound side or no nystagmus. Spontaneous rotatory nystagmus to the diseased side proves that this nystagmus is produced by an intracranial complication in the posterior fossa of the skull, and as there is no fever and no meningitis there must be a cerebellar abscess. Tumors of the cerebellum or of the acoustic nerve produce analogous symptoms.
In many cases of deafness.giormal drum, no reaction to cold water, strong rotatory nystagmus to the diseased side, the diagnosis of .acoustic tumor can be made even before the patient gets a paralysis of the facial nerve, of the trigeminus, papillitis optica, etc.
There is another class of patients in which the determination of the nystagmus will be of value. These are cases of trauma of the head, with lesion in the inner ear. Nearly all the cases with cerebral concussion complain of vertigo and disturbances of equilibrium. As a. result of the investigation one always finds an organic defect with a traumatic neurosis. The knowledge of nystagmus will help one to distinguish between the two. As regards the nystagmus these cases belong to the second group, have fits of vertigo occasioned by irritation of the nerve endings in the ampullae. These attacks occur without any apparent cause or in connection" with the distinct movement of the head previously mentioned, viz.: bending or turning the head to the side, bending the head down-ward or backward, sudden rising from the horizontal to the vertical position, and quick walking. It is very important to know that these movements do not always produce vertigo or nystagmus; if the patient has had vertigo just before there will be a long pause before vertigo or nystagmus will again be produced. If strong nystagmus is observed there is organic lesion. Many of these patients not only have vertigo but also nausea and vomiting, and it may be, partial loss of .consciousness. These concomitant symptoms are of neurotic nature. Also, the disturbances of equilibrium are mostly neurotic. Disturbances of equilibrium in connection with nystagmus must have a distinct character; they are determined by the form and direction of the nystagmus and the position of the head. If there is rotatory nystagmus to the right side, the patient will fall to the left side if the head is upright. If the head is turned to the left he will fall forward. If the head be turned to the right he will fall backward. In cases of traumatic neurosis, disturbances of equilibrium do not follow these rules or are exaggerated. The falling is in no definite direction, to the right, the left or backward like a stick, and turning the head has no influence on the direction in which he falls. The knowledge of the phenomena of nystagmus incident to these cases will enable one to determine how much of the phenomena of which the patient complains is of organic or neurotic origin.
